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THE PROBLEM AND METHOD USED
TO SOLVE IT
i
Importance and Heed for Solution of Problem






is one of the fundamental sciences since it deals with matter
and its transformations. The structure of all of the material
things of this world i3 explained by this branch of science.
Great contributions have been made by the chemists to the
health, safety and happiness of society, and to the
agricultural and industrial progress of all nations.
Our food and water supplies, which we use without much
thought as to the serious consequences should they contain
certain impurities, are made comparatively safe for us by
the work of the chemists.
Many of the devices which we use in our homes are made
possible by, or owe their effectiveness to, the chemists
who found or made the substances of which they are composed.
People earn their living in various occupations which
owe their success, and in some cases their very existence
to the chemists.
The iron and steel industry, which is the foundation





2old products, and to create new ones with entirely different
properties through the advance of chemical knowledge.
The automobile industry would never have reached its
present status if chemists had not found suitable steels and
alloys for the various parts of the machine, non- shat tering
glass for greater safety, gasoline for power, oils for the
protection of the moving parts, and lacquers to beautify
the exterior.
The textile and paper pulp industries would be crippled
if they were to be deprived of the numerous bleaching
substances and dyestuffs so necessary in the making of paper
and clothing.
The transportation facilities of the world would be
far behind their present stage of development had the
chemist neglected them. They demanded and received suitable
liquid fuels for power, and refrigeration plants to preserve
food. The values of air conditioning were revealed by
determining the components of air and their effects on the
human body. Light but strong metals were provided for
lighter than air craft and the dangerous hydrogen gas for
dirigibles and balloons was replaced with the non-
inflammable helium.
These are only a few of the innumerable examples which








to our everyday life. Chemistry should not he given the
entire credit for such achievements but it can be given a
large share in conjunction with the other sciences.
Need for a knowledge of chemistry .--A little reflection
about the above facts should reveal that all citizens need
some knowledge of chemistry.
A graduate of our high schools is expected to have some
accurate knowledge of his surroundings. Certainly a course
in chemistry would aid in making this a reality.
Many of these people will select occupations of such
nature that a knov/ledge of this subject would be a decided
asset to them in their work.
They will also read and hear of many things which
would be better understood by them if such facts were a part
of their education.
3ome defic iencies of chemis try teaching .— Our high
schools today present a highly technical and mathematical
course in chemistry to prepare a certain small group for
college, and a more intensive study in this field.
However, we have another much larger group of students
who are not going to college, but who will, in all
probability, become homemakers and workers in the
agricultural and industrial occupations. Some of these
people are of lower intelligence and are ” scared away” from
..
the course described above because of the very real danger
that they cannot ’’pass’ 1 it. The others of higher
intelligence do not consider it because it will have little
i
practical value for them in their future life.
It seems obvious that we should provide a simpler, more
practical course in chemistry for this second group of
students who do not go on to college. Most of our high
schools have disregarded this need and continue to offer the
traditional course. Some of the more progressive schools
are presenting a second more practical treatment of chemistry
for these pupils. However, the content of these practical
courses Is almost as varied as the number of schools
presenting them. This may be accounted for by the fact that
.
the teachers of chemistry do not agree a3 to what should be
taught to these pupil3. This is proven very well by a
comparison of the ratings which different chemistry teachers
gave to the same topic on the rating- lists . These rating-
lists will be more fully explained later. This same
difference of opinion was made quite apparent to the writer
during interviews with most of the chemistry teachers who
later submitted rating-lists.
Very few text books have been written which are
suitable for this type of a course. Those which have are
for the most part simpler treatments of the subject matter
of the conventional college preparatory texts. Ho attempt
.L'
-
has been made to include topics of greater everyday value.
Where such an attempt has been made the topics have been
selected by the author according to his own personal ideas
as to what will be of service to the pupil. Such topics may
or may not meet the immediate and future needs of these
people
.
Problem to b e solved .-- Since such a variety of opinion
exists a3 to what should be taught in such a course, the
service-problem arises; "Which of the facts, which might
be included in a simpler, more practical course in chemistry,
will have the greatest value and the largest number of
applications in the daily life of the average person?"
Techniques Employed to Solve Problem
Selection of topics .--The first step in seeking an
answer to this question was the preparation of a list of the
facts or topic 3 now being taught in high- school chemistry
courses and other topics which might be included in a course
such as that just described.
Thi3 list was selected from the following sources;
1. Chemistry textbooks now being U3ed in our high
schools.
2. Textbooks used for training in particular







3. Textbooks dealing with special phases of chemistry
such as agriculture, dairying, cooking and
sanitation.
4. Interviews with chemistry teachers.
5. Books on chemistry written for laymen.
A list of the books which were of greatest value in
the preparation of this rating- list will be found on
page 62 of the appendix.
Method of rating topics .— The 730 topics were selected
from these sources and were arranged in thirteen groups
suitable for rating by qualified judges selected for this
purpose. Each topic was rated by these judges on two bases:
1. How important is it for the average person to
know this fact?
2. How frequently will ho find use for it in his
daily life?
In making the first rating, that is, in indicating
the importance of the item, u 5” was used to indicate very
great importance; n 3 H to indicate average importance; and
”1” to indicate little or no importance.
In making the second rating, that is in indicating
the frequency of occurrence, "5” was U3ed to indicate very
frequent use; ” 3” to indicate occasional use; and "1” to
Indicate that it would be used seldom or not at all.

Selection of raters .— Sixty judges were selected and
divided into two groups. One of these, which will hereafter
be referred to as "group 1" consists of thirty-six persons
trained in the field of chemistry, and the other which will
be designated as "group 2" made up of people without
previous training in chemistry.
The opinion of this second group of raters does not
lack significance because of the fact that they have had
no previous training in this field. Rather it is of
considerable importance since they should know better than
anyone else the facts of chemistry which they have had to
learn through experience, and also those which would be of
some importance to them, if they knew something about them.
Table 1 indicates the vocations engaged in by the
thirty-3ix raters who have training in chemistry.
Table 1. Vocations of Raters in Group 1.
Vocation Humber
U) (2)
Teachers of chemistry 18
Teachers of other sciences 6
Industrial chemists 3
Former teachers of chemistry















Table 2 indicates the vocations engaged in by the
twenty- four raters who have no formal training in chemistry








































Computation of averages .--After the judges had rated
their respective lists of 730 topics as directed, the
average ratings for ’’importance of knowing”, and ’’frequency
of use” was computed for each topic* The simple average
or mean was found in each case, by dividing the total
number of points given to the topic by the number of times
it was rated.
The ratings given to the topics by the two groups of












RESULT3 OP THE STUDY
In Table 3 beginning on page 15 will be found the
topic 3 submitted to the judges for rating, and the averages
computed from their ratings.
The topics are arranged in thirteen groups similar
to those on the original rating- lists sent to the judges.
The topics within the groups, however, have been rearranged
so that they are in descending order according to the
average rating on " importance of knowing" as determined by
group 1, or, the group of judges trained in chemistry. The
average ratings of each topic for "frequency of use" by
group 1, and for "importance of knowing" and "frequency of
use" as judged by group 2, will be found in the other
vertical columns of the table under the appropriate
headings
.
The mean rating on "importance of knowing" the topic
was found to be 3.2 for group 1 and 3.0 for group 2. It is
interesting to notice the close relation of these two
averages when we consider that the group of laymen have no
training in chemistry.
The mean rating for "frequency of use" as determined
for group 1 is 2.4 and for group 2 it was found to be 2.2.
- 0-

















Figure 1, shown below, indicates the distribution of
the average ratings given to the 730 topics on the basis of
w importance of knowing” them in daily life, by the group of
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Figure 1. Distribution of Average Ratings Assigned 730
Chemistry Topics by a Group of Chemistry Teachers and
Chemists on the Basis of Importance of Knowing for Daily
Life.
is a somewhat uneven distribution of the average ratings
giving a mean higher than might be expected. vJe 3hall give
some possible reasons for this condition in the pages
which follow
.«
In Figure 2 is shown the distribution of average
ratings given to the topic 3 on the same basis by the group
of laymen who have had no formal training in chemistry. The













Figure 2. Distribution of Average Ratings Given 730
Chemistry Topics by a Group of Laymen on the Basis of
Importance of Knowing in Daily Life.
have experienced some difficulty in interpreting many of
the topics which were listed.
Figure 3 indicates the very uneven distribution of the
average ratings assigned to the various topics by the
; v £ ,
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chemistry teachers and chemists, on a basis of the
frequency with which they will be used in daily life. A
large proportion of the topics were rated below average in












Figure 3. Distribution of Average Ratings Assigned 730
Chemistry Topics by Chemistry Teachers and Chemists on the
Basis of Frequency of Use in Daily Life.
assigned by the group of laymen show this same marked
tendency. This can be seen by a study of Figure 4.
Thi3 condition may be explained in several ways:












applications which many of the topics have, in
daily life, due to his lack of knowledge of this
subject.
















Figure 4. Distribution of Average Ratings Given 730
Chemistry Topics by a Group of Laymen on the Basis of
Frequency of Use in Daily Life.
to rate the topics on a basis of what they
themselves would use in their perticular
occupation rather than to consider other
occupations as well as their own. This fact
—-
.





was brought out in later conversations with
these people. Those who tried to consider
people in other walks of life may have been
handicapped by a lack of knowledge of the
requirements for other kinds of work.
3. Fifty- three per cent of group 1 are chemistry
teachers, some of whom may have failed to
consider fully all of the applications of some
topics
.
4. It is also true that many of the facts which are
of vital importance for us to know are not used
by us very frequently. This is true of the facts
of arithmetic, English and other subjects.
Perhaps, therefore, the mean obtained here is
nearer what it 3hould be than one would at first
expect
5. There may also have been some difference of
interpretation given by the raters to the terms,
"very frequently" and "of average frequency"
which were used in the directions on the rating-
list .
A study of Table 3 will reveal the results of this
research much better than words can describe them. This
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The possibilities for interpretation and use of the
results of this research are extensive and quite beyond the
scope of this thesis. We shall attempt only to point out
certain uses which might be made of the ratings, how they
may be used for 3uch purposes, and certain factors which
must be taken into account when they are used.
Suggested Uses for Ratings
These ratings may be used by chemistry teachers as a
better- than- empirical basis for the selection of subject
matter for a course in chemistry of great practical, everyday
value to the pupils.
This does not mean that the ratings should be the only
criteria used in making the selection. Factors such a3 time
and equipment available, type of community, intelligence
and achievements of students, and difficulty of learning
i
certain topics, must be considered .
The data should also be a valuable aid to those teachers
j
who wi3h to revise the course which they are using at the
present time. The list of topics is large enough so that
certain valuable additions should be suggested to them.
55-

Certain topics, which they have been spending considerable
time on, may be suggested to have little value from the
practical everyday standpoint. Some sense of satisfaction
should come to those teachers who find that the course which
they have organized and put to use, contains the topics which
j
many persons qualified to judge, consider to be useful and
of great importance to the average person.
Since a survey of the textbooks in this field, reveals
so few that are suitable for the purpose, the results might
be used as a basis for the preparation of a text, for 3uch
classes. The subject matter could be selected in a more
scientific manner, that is, on a basis of the average opinion
of many well qualified judges, rather than on the mere
opinion of one person, which may be influenced by so many
factors. Such a textbook, carefully prepared and written,
would be a valuable tool for the teacher of chemistry today.
It would also be a very useful addition to the library of the
intelligent laymen who wish to know more about their
surroundings
.
Technique for Use of Ratings
It would not be advisable to set down any given rule
for the selection of topics from the table of ratings for
the following reasons:
1, Group 1 and group 2 do not at all times agree on
the importance of any single topic, as for

example on topic number 3 on page 19, regarding
the use of carbon dioxide in baking foods. Group
1 rated it 4.0 and group 2 gave it a value of
2.9. Neither do the raters agree at all times
on the frequency with which the person will have
some use for the fact. An example of this may
be found in topic number 8 on page 16 entitled,
"How the chemist solves his problems by inductive
j
and deductive thinking.” Group 1 rated it 3.1
while group 2 gave it a value of only 2.1.
2. Facts which the raters consider very important to
know about, are sometimes used seldom or not at
all, as for example in item number 6 on page 19
entitled, "Methods of preparing oxygen."
3. Teachers of chemistry have a tendency to rate
somewhat higher those topics which are dealt
with in college-preparatory courses, and with
which they are thoroughly familiar. This may be
seen on 3ome of the rating lists submitted.
4. The laymen who rated the topics had a tendency
to rate many topics lov; because of their lack of
knowledge of the terms U3ed, or their failure to
i
realize the full significance and utility value
of some of the topics. Workers in one occupation
often fail to realize the knowledge required by

workers in another occupation# This may account
for other low ratings of some topics*
The following is a list of suggestions for the selection
of topics for the course from the average ratings as given
in Table 5.
1. All topics which are rated above the mean for
"importance of knowing,” by either group of
judges, should be included in the course. This
would give us 415 topics which can easily be
selected from Table 3. This statement is made
because of the fact, that although a person may
not use the information very often, it may be
of vital importance for him to know it when an
occasion to use it arises.
2. Any topic rated above the mean for "frequency of
use," by either group of judges, should be
included in a practical course, because, any fact
which a person may use frequently should bo an
asset to him in hi3 daily life. This would not
add many topics to the list, however, since those
which rate above the mean for "frequency of use,"
are rated in most ca3e3 above the mean for
"importance of knowing."
3.
If more topics are desired for the course they
may be selected from successively lower ratings

because they are justified from the standpoint
of other criteria, such as:
a) They may be necessary for introductory
purposes. The topics listed under,
”History” on page 15 of Table 3 would
come in this class.
b) They may be required for the explanation of
other topics of greater importance and
frequency of use, such as topic number 14
on page 35, namely, ”How electrolytes
affect the freezing and boiling points of
water.” This information would be neces-
sary to explain why salt is U3ed in
freezing ice cream.
c) They may have a direct relation to the chief
industry of the community. If a soap
making factory employed many people of a
community, then we should teach something
about fats such as 3tearin, olein and
palmitin which are U3ed in its manufacture,,
This would bring into the course topic
number 10 on page 42 which would otherwise
be omitted.
d) They may be of a very interesting nature







included to develop interest in the
science.
e) Some topics may "be omitted because of their
difficult nature, as for example,
"Structure of typical atoms according to
the electron theory." Thi3 will be found
on page 35 of Table 3.
Some General Observations
In conclusion, a summary of the type of chemistry topics
i
which the raters have indicated should have a prominent place’
in a practical course in chemistry will be given.
Nearly all of the chemical facts v/hich were listed
:
I
relating to 30ils, foods, and body processes were rated high.
The same may be said of topics about textiles, cleansing,
medicines and drug-store products. Topics listed under the
headings of water, fire, acids, bases, and salts were for
the most part rated somewhat above average. All of these
should be included in the course.
Non-metals and their compounds were, in most cases,
given ratings below the average. This would indicate that
little time should be spent on them.
It would 3eem that the calculations used by the chemist
have little place in a practical course in chemistry. Those













ones rated of any great value.
In organic chemistry only facts relating to such common
products as petroleum, lubricants, oils, cellulose, sugars,
starches, and rubber were indicated to have value in a
person’s everyday life.
The chemistry related to the common metals such a3 iron,
lead, tin, copper, and zinc received the higher ratings. In
general, compounds of these metals, and the other metals and
their compounds, were considered to be of little importance.

IAPPENDIX
Books Used in Preparation of Rating-list
Bailey, Edgar H.
,
Textbook of Sanitary and Applied Chemistry ,
Macmillan Co., Boston, 1906.
This book contains many experiments related to air and
food.
Beery, Pauline G., Stuff, Appleton Co., New York, 1930,
pp. xiii,504.
A 3tory of materials in the service of man, written for
the layman.
Bennett, Harry, Practical Everyday Chemi stry , Garden City
Publishing Co., New York, 1934, pp. xv,305.
The title of this book is misleading. It gives*
directions for making hundreds of commonly used products
Black, Newton H., and James B. Conant, New Practical
'hemis try
,
Macmillan Co., Boston, 1936, pp. x, 621.





The Chemical Elements and Their Compounds
,
Macmillan Co.,* Boston, 1930, pp. xi,2~C5
An advanced textbook adapted for college use.
Cameron, Donald A., Chemical Warfare
,
International Pamphlets
New York, 1930, pp. 31.
A good account of the composition and uses of gase3
used in warfare.
Chamberlain, Joseph 3., Chemistry in Agriculture , Chemical
Foundation, New York, 1926, pp. xi,384.
A treatment of the chemical processes involved in
plant growth.
Conant, James B., The Chemistry of Organic Compounds
,
Macmillan Co., New York, 1934, *pp. x,623.
A one year course in organic chemistry.
Dinsmore, Ernest L., Chemistry for Secondary Schools,
Ambrose Co., New York, 1925, pp. viii, 574
A text based on the belief that the training required
for college is the same as that required for daily life.

Foster, William, The Element s of Chemistry, Van Nostrand Co.,
New York, 1932/ pp. xx,653.
A well organized text suitable for the beginner.
Fuller, Robert W., R. Brownlee and D. Baker, First Principles
of Physics
,
Allyn Bacon Co., New York, 1933,
pp. viii, 799.
Glass tone, Samuel, Chemistry in Daily Life , Methuen Co.,
London, 1929, pp. vi,250.
'
Contains much information on synthetic food3, medicines
and dyes.
Greer, Carlotta, and J. Cora Bennett, Chemistry, Allyn and
Bacon Co., Boston, 1926, pp. xvii,844.
A text arranged on a question and answer basis suitable
for use in a practical course in chemistry.
Holmes, Harry N., General Chemistry
,
Macmillan Co., New York
1930, pp. x, 654
•
Holmes, Harry N., Out of the Test Tube , Long and Smith Co.,
New York, 1934, pp. x/373
.
A book for the intelligent but non- technical person who
wishes to understand the research and work of the
chemists of today.
Holme 3, Harry N., Introductory Col lege Chemistry , Macmillan
Cc., Boston, 1936/ pp. xiii,550.
Howard, Russell S., Units In Chemistry
,
Henry Holt Co.,




A new high school text organized in units very different
from most texts for this purpose.
Howe, Harrison E., and Francis M. Turner, Chemistry and
the Home
,
Scribner’s Sons, New York, 1927,* pp. x,355.
Chemistry and its relation to articles .used in the home.
Hunter, George W*
,
and W. Whitman, Problems in General
Science
,
American Book Co., New York,
-
1930, pp. xii,688.




Vanguard Press, New York, 1935,
pp. 7,95.
An account of what the consumer's money actually buys.
t
Kallett, Arthur and P. 3chi ink, 100, 000,000 Guinea Pigs,
Vanguard Press, New York, 1§”3 8 , pp. xi,312.
Dangers in use of everyday foods, drugs, and cosmetics*
Lyndo, Carleton J., Everyday Physics , Macmillan Co., Boston,
1930, pp. xiii,F'FT
'
A simple text for use in a practical physics course.
MacLeod, Annie L., Textbook of Chemistry for Nurses and
otudents of Home Economics , McGraw-Hill Co., New York,
1928,
" pp. xiii,241.
This text contains a clear, simple explanation of the
atomic and electron theories.
MacLeod, Annie L., and E. Mason, Chemistry and Cookery ,
McGraw-Hill Co., New York, 1930, pp. xii, 545.
Naylor, Nellie M., and Amy LeVesconte, Introductory Chemistry
with Household Applications
,
Century Co"., New York:,
1933, pp. x,367.
Newell, Lyman C., Practical Chemistry , Heath Co«, Boston,
1929, pp. viii,707.
This book contains full directions for 237 laboratory
experiments
•
Richmond, Henry D., Dairy Chemistry, Griffin Co., London,
1914.
An intensive treatment of all aspects of dairying.
Rogers, Allen, Industria l Chemistry
,
Van No3trand Co., New
York, 1931, 2 voT.
An advanced industrial chemistry. The first volume
deals with organic chemistry and the second treats the
inorganic aspect of chemistry.
Slossons, Edwin E., Creative Chemistry
,
Century Co., New
York, 1919, pp. ix, 311
.
A description of recent achievements in the chemical
industries
•
Schlink, Frederick J., Eat,_ Drink and Be Wary
,
Covici-Friede
Co., New York, 193^7 pp. xi/335.
An account of the problems confronting the people in
the matter of diet and food adulteration.
Thorpe, T., Outlines of Industrial Chemistry
,
Macmillan Co.,
New York, 1916, pp. xxv, 655.





